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Abstract 
In the report one of the possible variants of solving contradictions “volume of knowledge – mastering” is considered. It is 
proposed the procedure of systematization knowledge on the base of its fractality. It is proved the assumption that knowledge is 
also fractal as everything in nature. There are analogues in the development of traditional nature objects: crystals, plants, animals, 
and knowledge. The procedure of systematization of applied knowledge is illustrated on the example of the development of 
dynamic type core storage. 
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1. Introduction 
The offered material is the development of the idea to use TRIZ for the system education /1/. The main 
contradiction within any educational system comes from the volume of delivered knowledge and time, required for 
its mastering. There can be knowledge and data in any subject. For example, Archimedean principle is knowledge; 
however, the relative densities of water and of gold are the data. There are no fundamental difficulties in 
accumulating data.  It is not necessary to remember them, because there are a great number of reference books both 
paper and electronic. These books can be compared with a bag or a box, in which the data are stored. 
 
 
 
 
 
 
 
 
 
* Corresponding author.  
E-mail address: ktriz@knastu.ru . 
1877–7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.03.152
Procedia Engineering 9 (2011) 659–664
© 2 1 lished by Elsevier Ltd. Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
660  Victor D.Berdonosov / Procedia Engineering 9 (2011) 659–664
 
A man, systematizing knowledge
Data domain:
electric drive,
computer
engineering
and ets
Methods of
development
of creative
imagination
Theory of
development
system
Selection of the field
of knowledge (1)
Formulation
of initial
concepts (2)
Rules of
"transition"
(3)
Set of concept
of a field of
knowledge (4)
“New” 
concept (5)
Check of the reliability
of a “new” concept (6)
DCI TRIZ LDS
 
 
Figure 1. Structure scheme of the systematization knowledge using TRIZ methodology 
 
Any of them can be simply found there. A question of knowledge is considerably more difficult. We are not 
satisfied with “a bag” of knowledge; it takes a lot of time to sieve through it. Besides, knowledge is constantly 
developing. A good specialist differs from a bad one (or a student) by his systematized knowledge. Systematized 
knowledge as a rule is not being taught. Logical system of TRIZ helps eliminate this weakness, and solve the 
contradiction between the volume of knowledge and the time, required for its mastering (see figure 1). 
2. About system fractality 
The development of knowledge can be compared with the development of the natural objects: plants, crystals, 
animals. Mandelbrot showed in his works, that everything in nature is self-similar, that is fractal. Self-similarity 
observed in the fern is presented in figure 2.  
 
 
 
Figure 2. Examples of self-similar objects in nature 
 
Simply put, the development is realized by self-recurrence, self-imitation of an initial specimen or a pattern. Let’s 
illustrate this position on the example of crystal growing.  The shape of a crystal is defined by the seeding grain (or 
the initial specimen). Three components are necessary for a crystal growing: a seeding grain, constructional material 
and the rules of construction. We try to obtain the structure fern, using Mandelbrot Fractal Geometry. We take 
geometrical object represented in figure 3a as “the seeding grain” (only three upper lines are considered as the 
“seeding grain”, the vertical line located below does not relate to the “seeding grain”). Let’s formulate the rules of 
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“transition” from the current into the higher state of system, i.e. the rules of growing of “fractal fern”. The 
proportionally reduced copy of entire model substitute each element (line) of prototype ; thus, one step of the 
iteration is realized (see figure 3 b, 3 c). 
 
a) b) c)
 
 
Figure 3. One-step realization of the iteration of the construction of fractal image 
 
In general, the quantity of iteration is unconfined and the more iteration is realized, the more the fractal model is 
adequate to real object and “the fractal fern” is nearer to the real. In figure 4 the sequence of iterations is 
represented: zero (prototype), the third, the fifth and the eighth. 
 
 
 
Figure 4. A fractal model of fern 
 
It should be noted that even in such simple plants as fern the prototypes and the rules of “transition” from the 
iteration to the iteration are more complex than in the example given above. However, there is a basic principle of 
self-similarity in all plants. Animals have more complex process of self-similarity. It is possible to assume that all 
the necessary information about the prototypes (patterns) in animals is placed in the genes /2/, and the laws of nature 
determine the rules of “transition”. By the way, it is the knowledge of these laws that is the basic purpose of the 
education. 
3.  About knowledge fractality. 
The evolution of the self-developing (“living”) organisms can be represented in the following form: crystals, 
algae, corals, ferns, fishes, highest plants, birds, mammals, men. That is to the present moment man possesses the 
highest level of complexity. It is possible to assume that in man the fractality should appear not only on the physical 
level, but also at the spiritual level, i.e. in the consciousness. A man experiences with the consciousness, i.e. the 
system of knowledge is constructed. Then it is natural to assume that the knowledge is also fractal. In fact, 
knowledge is the reflection of the world picture, and if the world is fractal knowledge is fractal too. 
Now we are going to present the analogs of concepts: a pattern, resources, iterative rules for above objects: the 
Fractal Geometry by Mandelbrot a pattern is an initial geometrical object (see table 1). The prototypes (images) of 
fractal (fundamental) knowledge are axioms of the corresponding field of knowledge. In the Fractal Geometry “the 
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rules of construction” are the iterative rules, according to which the proportionally reduced initial geometrical object 
replaces each fragment of a geometrical object. Iterative rules of fractal (applied) knowledge are Substance-Field 
(Su-Field) conversion, the ways of solving contradictions. 
Actually, all new knowledge appears after solving standard contradiction between the old knowledge and new 
facts, which appeared as a result of observation of the peace. Boris Zlotin and Aleksandre Lyubomirskii /3/ 
mentioned it in their work on solution of research problem. “Construction materials” are resources in TRIZ 
understanding. When the resources of the development of science become exhausted, the association of sciences 
appears for obtaining the new volume of resources in a strict correspondence with the Law of transition into the 
super-system.  
 
 Pattern Resources Iterative rules 
The Fractal 
Geometry 
Initial geometrical 
object 
Geometric space Exchange an element of the specimen by 
topologically transformed copy of the 
specimen 
Crystals The seeding grain Salt solution Doubling of the seeding grain (image) lattice 
Plants 
(fern) 
Protogene Soil mineral 
substance 
Cell division 
Animals  Genes Proteins, fats, 
carbohydrates from 
food 
Cell division 
Fractal 
fundamental 
knowledge 
Axioms, starting 
positions 
Observations, facts Developing axioms according to the 
principles of integration (Dao bears one, one 
bears two, two bear three, three bear all 
(parable 42) /4/) 
Fractal applied 
knowledge 
Fundamentals of 
correspondence 
problem domain. 
Resources of 
problem domain 
Developing axioms according to Su-Field 
conversion and ways of solving 
contradictions. 
 
Table 1. 
 
4. Examples of the systematization of knowledge 
There are some examples from the area of computer technology. The discussion deals with the systematization of 
already known knowledge, but not with the discovery of new one. 
The first example relates to dynamic type core storage DRAM (Dynamic Random Access Memory) /5/. One of 
the main advantages of this memory is extraordinary simplicity and, as consequence, low cost. The nucleus of the 
microcircuit of dynamic memory consists of many cells, each of which stores only one bit of information. The 
“heart” of cell is a simple device, which consists of one transistor and one capacitor. One of the central failures is 
relatively small speed, which is determined by the system of addressing. Problems with the addressing appear as a 
result of a huge quantity of cells in the memory microcircuit (to billion). 
So the applied knowledge relates to the core storage. It is the knowledge of record, storage and readout of 
information. This knowledge should be mastered only one time, since in all DRAM these processes are equally 
realized. Only the system of addressing is changed. The simplest and the most natural system of addressing is direct 
one. In this type of addressing each cell has the direct line of address. There is a natural contradiction here: with 
increasing the capacity of storage (quantity of storage cells) a quantity of address lines inadmissibly increases. This 
contradiction is solved by the method of “transition into another measurement”. At the physical level the cells are 
united into rectangular matrix which horizontal rules are ROWs and vertical – COLUMNs or PAGEs. In this 
solution a quantity of address lines is less than storage cells into the square root. Nevertheless, the contradiction 
formulated above appears again but already at the level of the supersystem: with increasing the capacity of storage 
(quantity of storage cells) a quantity of address lines of microcircuit (outlets) inadmissibly increases. This 
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contradiction is solved by the use of several methods: “the principle of universality”, “the principle of preliminary 
action”. Columns and rows of matrix of memory are combined into the united address lines. In this case a quantity 
of address lines is halved, though the selection of concrete storage cell is takes away twice much time, because it is 
necessary to consequently transfer the numbers of column and line. 
To indicate what is on the address line at the present moment (the number of line or the number of column) two 
additional conclusions were added: RAS (Row Address Strobe) and CAS (Column Address Strobe).  
In the calm state the high signal level is supported in both outlets, which tells the microcircuit that there is no 
information on the address lines and it is necessary to undertake no actions. Further contradictions are connected 
with increasing the speed of the microcircuits of memory and they will be illustrated by timetables. This first 
diagram relates to the base microcircuit DRAM with RAS and CAS outlets (figure 5a). 
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Figure 5 Time diagram, which illustrate the work of some memory types 
 
So, let’s formulate the contradiction: with increasing the speed of memory its costs inadmissibly increases. This 
contradiction is being commented now. According to the recommendations of G.S.Altshuller /6/ in the formation of 
the right side of a contradiction it is necessary to use simple, obvious solutions, which only strengthen 
contradictions. In this case to increase the speed it is proposed to use the static memory microcircuits, which are not 
only “faster” than dynamic ones but also more expensive. To permit the formulated contradiction it is used “the 
principle of continuity of useful action”. The memory of Fast Page Mode DRAM (FPM-DRAM) was developed. 
The support of the reduced addresses became the main difference from the memory of previous generation. If the 
next required cell is at the same line as the previous one, its address is uniquely determined only by number of 
column and the transfer of the line number is no longer required (see figure 5b). The new type of the memory 
microcircuits only for a while solved the contradiction formulated above. The same contradiction appeared again. 
To permit it the law of the agreement of the system rhythmic was used. The synchronous dynamic memory 
(SDRAM) was developed. SDRAM memory microcircuits work synchronously with the controller which 
guarantees the completion of cycle within the strictly assigned period (see figure 6). The advanced batch mode of 
exchange is also realized in SDRAM. The controller can inquire both one and several serial storage cells, and if 
desired – the whole entire line. 
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Figure 6. Time diagram, which illustrates the work of the contemporary types of memory. 
 
Then the standard contradiction “speed-cost” was solved by “the principle of universality”. For it DDR-SDRAM 
– Double Data Rate SDRAM was developed. Doubling of speed was achieved due to the transmission of data both 
on the front and on the decrease of timing pulse (in SDRAM the transmission of data is achieved only on the front). 
Thus, for mastering the knowledge on the microcircuits of dynamic memory it is necessary to understand the 
work of a storage cell, then to solve contradictions one by one, using methods /7/: “transition into another 
measurement”, “the principle of universality”, “the principle of preliminary action”, “the principle of continuity of 
useful action”, the law of coordination (harmonization) of rhythms was used, “the principle of universality”. 
5. Conclusion 
The proposed approach to the systematization of knowledge was tested in teaching the cycle of TRIZ subjects: 
Development of Creative Imagination, Dialects of Computer Systems and Technology of Computer Creation of 
specialty “Computer Engineering” of Komsomolsk-na-Amure State Technical University. 
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